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Shower heads and hot-water faucets containing Legionella pneumophila were evaluated for aerosolization of
the organism with a multistage cascade impaction air sampler. Air was collected above two shower doors and
from the same rooms approximately 3 ft (91 cm) from the shower doors while the hot water was running. Low
numbers (3 to 5 CFU/15 ft3 [0.43 m?] of air) of L. pneumophila were recovered above both shower doors, but
none was recovered from the air in either room outside the shower door. Approximately 90% (7 of 8 CFU) of
the L. pneumophila recovered were trapped in aerosol particles between 1 and 5 pm in diameter. Air was
collected 1 to 3 ft (30 to 91 cm) from 14 sinks while the hot water was running. Low numbers (1 to 5 CFU/15
ft> of air) were recovered from 6 of 19 air samples obtained. Approximately 50% (6 of 13 CFU) of the organisms
recovered were trapped in aerosol particles between 1 and 8 um in diameter. Shower heads and hot-water taps
containing L. pneumophila can aerosolize low numbers of the organism during routine use. The aerosol particle
size is small enough to penetrate to the lower human respiratory system. Thus, these sites may be implicated
as a means of transmission of L. pneumophila from potable water to the patient.

The acquisition of nosocomial Legionnaires disease has
been linked to inhalation of aerosols containing Legionella
pneumophila, originating from cooling towers (9), humidi-
fiers (24), soil excavation sites (21), and respiratory therapy
equipment (2). Outbreaks have also been reported in hospi-
tals, where L. pneumophila was recovered from shower
heads and potable water (8, 12, 19, 20, 22). Inhalation of
aerosols generated by showers or taps is assumed to be the
mode of transmission (3, 15) in these outbreaks. An experi-
mental form of pneumonic Legionnaires disease has been
produced in guinea pigs by exposing them to aerosols of
concentrated potable water from a hospital where noso-
comial Legionnaires disease had occurred (14). Previous
investigations, however, have failed to demonstrate L. pneu-
mophila in aerosols generated by contaminated shower
heads from hospitals where nosocomial Legionnaires dis-
ease has been observed (11; A. H. Woo, V. L. Yu, and A.
Goetz, Abstr. Annu. Meet. Am. Soc. Microbiol. 1985, 122,
p. 382).

Plouffe et al. (17) described nosocomial Legionnaires
disease associated with recovery of L. pneumophila from
potable water. To define better the mode of transmission
from these sites to the patient, we tested shower heads and
hot-water faucets in patient rooms for aerosolization of L.
pneumophila.

MATERIALS AND METHODS

Environmental sampling sites. Cultures of potable water
from taps and shower heads were performed as described by
Plouffe et al. (17). Hot-water taps and shower heads were
turned on, and the initial 10 ml of water was collected. The
faucet was turned off, and the inside of the shower head or tap
was swabbed with a sterile, cotton-tipped swab before an
additional 40 ml was collected. The swab was rinsed in the
collection tube and removed. All water culture data in this
report represent a combination of the organisms in the water
and those rinsed off the swab. The sample was centrifuged at
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1,000 x g for 30 min, the supernatant was poured off, and the
sediment (0.5 ml) was suspended in 4.5 ml of 0.2 N HCI-KCl
solution (pH 2.5) for 10 min (6). Portions of 0.1 ml of the
acid-treated sample were plated onto buffered charcoal-yeast
extract (BCYE) agar (Remel, Lenexa, Kans.).

Voss et al. (23) had previously reported that most of the
organisms recovered from potable water came from the
initial volume sampled, which represented the stagnant
water in the pipe between the valve and the tap or shower
head. We did not want to alter the typical situation by
removing the water that held most of the organisms before
sampling the air, so water cultures were obtained 1 week
before air sampling, but not on the day of sampling.

Air sampling devices. An Andersen 1 AFCM viable (mi-
crobial) particle sizing sampler (Andersen Samplers, Inc.,
Atlanta, Ga.) was used during the initial phase of the
investigation. This apparatus consisted of six round alumi-
num stages clamped together to form a sealed cylinder, with
an air inlet above the top stage and a vacuum connection
below the bottom stage. Each stage held a removable glass
petri dish holding BCYE agar without antibiotics (made in
our laboratory by the method of Edelstein [10]) and had air
vents above the agar surface, which became progressively
smaller as stages progressed from top (1.81 mm, stage 1) to
bottom (0.25 mm, stage 6). These vents functioned as air jets
when air was drawn through the sampler and forced sus-
pended particles of progressively smaller size (=7 wm at the
top; 0.65 to 1.1 wm at the bottom) onto the agar at each
stage. This arrangement approximated penetration of the
particles into progressively lower levels of the human respi-
ratory system, with stages 4, S, and 6 representing penetra-
tion to secondary bronchi (2.1 to 3.3 um), terminal
bronchioles (1.1 to 2.1 wm), and alveoli (0.65 to 1.1 pum),
respectively (1). The accuracy of the sampling process was
dependent on a constant airflow of 1 ft/min (28,315 cm?/min)
through the system, provided by a continuous-duty vacuum
pump attached to the bottom stage. Flow was calibrated by
a dry gas meter (1).

An Andersen 1 AFCM two-stage viable particle sampler
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(Andersen Samplers, Inc.) was used in later phases of the
investigation. This sampler only had two aluminum stages
with different sizes of air vents, which enabled differentia-
tion of nonrespirable (=8 wm, stage 1) from respirable (0.8 to
8 wm, stage 2) particles and allowed use of commercially
prepared BCYE agar in disposable plastic plates.

Air sampling in showers. The six-stage sampler was used
to evaluate two shower rooms as follows. The sampler was
placed on a ledge above the shower door, out of reach of the
spray from the shower head. The hot water and air sampler
were turned on simultaneously and allowed to run for 15
min; then both were turned off. The procedure was repeated
for a second 15-min period after removing the culture plates
and replacing them with fresh plates. The hot water was
turned on normal force for the shower sampling periods and
for tap sampling periods described below to simulate condi-
tions of patient exposure.

The two-stage sampler was used at a later date and in a
different fashion. The sampler was placed on a platform in
the room 3 ft (91 cm) from the shower door and 2 ft (61 cm)
above the floor to avoid splashing. The air was sampled for
10 min before the hot water was turned on. The culture
plates were removed and replaced with fresh plates, and
then the hot water and sampler were turned on simulta-
neously and allowed to run for 10 min. The water and
sampler were turned off, the culture plates were again
replaced, and the air was sampled for 10 min after the water
was turned off.

Air sampling in sink areas. Air samples were obtained from
14 rooms. A total of three rooms were tested with the
six-stage sampler. The sampler was placed 2 ft from the tap
and turned on simultaneously with the hot water. Air was
sampled continuously for 15 min; then both the sampler and
the hot water were turned off.

The remaining 11 rooms were tested with the two-stage
device. Of these rooms, three were tested twice, on different
dates. One room was tested three times. The sampler was
placed 1 to 3 ft from the tap. Air was sampled for 5 to 15
(usually 15) min before the water was turned on, and then the
culture plates were replaced. The hot water and sampler
were turned on simultaneously and allowed to run for 5 to 15
min. The culture plates were replaced, and the air was
sampled for an additional 5 to 15 min after the water was
turned off. The sampling periods before and during the time
when the water was turned on and after it was turned off
were the same for a given sink.

Handling of cultures. Culture plates were incubated in
room air at 35°C and initially examined at 72 h after removal
from the sampler. Plates were further incubated for up to 7
days to look for slow-growing organisms. Suspicious colo-
nies were subcultured onto BCYE agar and sheep blood agar
(GIBCO Diagnostics, Madison, Wis.). Colonies growing on
BCYE agar but not on sheep blood agar were tentatively
identified as L. pneumophila. Identification was confirmed
by direct fluorescent antibody stain (7) with L. pneumophila
group 1 fluorescein isothiocyanate-labeled rabbit globulin
(Biological Products Division, Centers for Disease Control,
Atlanta, Ga.). Subtyping of isolates was performed by
microagglutination with hybridoma media containing mono-
clonal antibody LP-I-81 (16).

RESULTS

Air sampling in showers. A total of two paired water and
air samples were obtained from each of the two shower
rooms. All four water cultures grew L. pneumophila. Low
numbers of aerosolized L. pneumophila (3 to 5 CFU/15 ft
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TABLE 1. Rooms with positive air cultures”

Wat : Sampler
Room cuI?u:" Air culture penetration
(CFUmD  CEU™ f sampled CFUA® CFU  Stage

3E° >200 5 30 0.17 1 1
1 3
2 4
1 [3
SW¢ >200 3 30 0.10 1 3
2 5

Sinks:
188¢ >200 2 15 0.13 1 1
1 3
5144 3 3 15 0.20 3 2
5184 200 5 15 0.33 5 1
5574 187 1 15 0.07 1 2
9484 23 1 5 0.20 1 1
11584 0 1 10 0.10 1 2

« Data are shown only for rooms with positive aerosol cultures. Rooms
from which no L. pneumophila were recovered by air sampling were omitted.

b Water culture results reflect organisms recovered from both water and
swabs obtained 1 week before air sampling.

< Six-stage sampler used.

4 Two-stage sampler used.

[0.43 m3] of air) were recovered when the air was sampled
above the shower doors with the six-stage sampler (Table 1).
Equal numbers of organisms were recovered in the first and
second 15-min sampling periods. Of the 8 CFU recovered, 7
grew on plates from stage 3 or lower. No L. pneumophila
was recovered when the two-stage sampler was placed
outside the shower door and closer to the floor.

Air sampling in sink areas. A total of 19 paired water and
air samples were obtained from 14 hot-water faucets. A total
of 17 of the water cultures grew L. pneumophila. Two
colonies of L. pneumophila (one on stage 1, one on stage 3)
were recovered from air around one of the three taps tested
with the six-stage unit (Table 1). A total of 11 colonies were
recovered (6 on stage 1, 5 on stage 2) from 5 of the remaining
13 taps tested with the two-stage unit (Table 1). All positive
air cultures from the two-stage unit were obtained during the
period when the tap water was running. None were ever
obtained before the tap water was turned on or after it was
turned off. No air cultures were positive more than once
among the rooms that were tested two and three times.
Organisms recovered from the water cultures and air sam-
ples from a given tap always gave the same microagglutina-
tion with LP-1-81.

DISCUSSION

Previous investigations have failed to demonstrate
aerosolization of L. pneumophila from contaminated shower
heads. A multicenter study of nosocomial Legionnaires
disease associated with isolation of L. pneumophila from
hospital shower heads was unable to prove the hypothesis
that the aerosol generated by a shower head was the mode of
transmission (8). Hanrahan et al. (11) reported that patients
with nosocomial Legionnaires disease were significantly
closer than controls to showers contaminated with L. pneu-
mophila but were unable to isolate it from aerosols around
the showers by using air monitoring equipment. Woo et al.
recovered L. pneumophila from aerosols produced by a
contaminated humidifier but could not detect the organism
by settle plates or with an air aspirator when contaminated
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showers were tested (Woo et al., Abstr. Annu. Meet. Am.
Soc. Microbiol. 1985).

We recovered L. pneumophila when our sampler was
placed in the path through which the steam exited from the
shower stall, but not when it was placed in the room only a
short distance (3 ft) from the shower. Most (approximately
90%) of the aerosolized L. pneumophila was trapped in
particles small enough to reach the lower respiratory system
as determined by penetration into the lower levels of the
sampling chamber (stages 3 to 6 in the six-stage sampler and
stage 2 in the two-stage sampler).

Our observations may explain why showering is a risk
factor in some cases of nosocomial Legionnaires disease.
The data cannot be extrapolated to explain nosocomial
Legionnaires disease in patients who were in rooms closer to
shower areas than were controls (11) because our cultures
were negative a short distance from the showers. Our study
was not designed specifically to address the epidemiologic
link between showering and acquisition of nosocomial Le-
gionnaires disease. We only wished to determine if shower
heads and taps could generate aerosols containing viable L.
pneumophila.

Little or no data exist regarding aerosol production from
hot-water taps. Our investigations show that hot-water taps
can produce aerosols containing L. pneumophila. Taps may
be less efficient aerosolizers than shower heads since we
recovered L. pneumophila from only 6 of 19 taps as com-
pared with two of four shower heads, although the number of
samples is too small for statistical analysis. The organisms
recovered from the air around taps were equally distributed
between the plates containing the respirable particles (=8
pm) and those containing the nonrespirable particles. Most
of the L. pneumophila recovered from the air around shower
heads, however, were deposited on plates from stage 3 (=5
wm) or lower. This difference suggests larger particle gener-
ation by the taps. On two occasions, air sample cultures
were positive when water cultures from the previous week
grew zero and three colonies of L. pneumophila, suggesting
that heavy contamination at the tap may not be required to
produce contaminated aerosols. The recovery of organisms
from the aerosols when prior water cultures were negative,
however, can more likely be explained by fluctuation in tap
water contamination. We have observed weekly fluctuations
from 0 to >200 CFU of organisms recovered from the water.
We did not attempt to correlate the number of organisms in
the water with the number in aerosols, for the reasons given
in Materials and Methods.

Experimentally administered aerosols containing <129
CFU of L. pneumophila have produced nonlethal infection
in guinea pigs (5). Although no one knows the minimum
infectious dose for humans, the low numbers of organisms
recovered from the aerosols in our study seem small relative
to the expected organism load required to produce human
disease. It is possible that low relative humidity at the time
of the sampling decreased the number of viable organisms
recovered, as had been reported previously (4). Another
possible reason for low bacterial counts is the mechanical
trauma and dehydration the organisms sustain during the
sampling procedure, caused by forcing them through small
orifices and onto the agar surface at high speed (13). It is also
possible that the numbers of organisms present in shower or
tap water were too low to generate large numbers of
aerosolized organisms.

Our data show that shower heads and sinks can produce
fine particle aerosols containing low numbers of L. pneumo-
phila during routine use. The aerosol size is small enough to
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penetrate to the lower respiratory system. Organisms in
larger particles recovered from stage 1 of both samplers,
although too large to penetrate to the lower respiratory tract,
may be capable of colonizing the oropharynx (18). This
study lends supportive evidence to the widely held presump-
tion that aerosols from shower heads and hot-water taps can
be implicated as a means of transmission of L. pneumophila
from potable water to the patient. The acquisition of Legion-
naires disease by patients a distance from the site of aerosol
generation, however, cannot be explained by our data.

ACKNOWLEDGMENTS

This work was supported in part by the U.S. Environmental
Protection Agency under assistance agreement CR 811023 to the
Ohio State University Research Foundation.

We thank Sharon Venters for typing the manuscript.

LITERATURE CITED

1. Andersen, A. A. 1958. New sampler for the collection and
enumeration of viable airborne particles. J. Bacteriol. 76:
471-484.

2. Arnow, P. M., T. Chou, D. Weil, E. N. Shapiro, and C.
Kretzschmar. 1982. Nosocomial Legionnaires disease caused by
aerosolized tap water from respiratory devices. J. Infect. Dis.
146:460—467.

3. Bartlett, C. L. R. 1984. Potable water as reservoir and means of
transmission, p. 210-215. In C. Thornsberry, A. Balows, J. C.
Feeley, and W. Jakubowski (ed.), Legionella: proceedings of
the second international symposium. American Society for
Microbiology, Washington, D.C.

4. Berendt, R. F. 1980. Survival of Legionella pneumophila in
aerosols: effect of relative humidity. J. Infect. Dis. 141:689.

5. Berendt, R. F., H. W. Young, R. G. Allen, and G. L. Knutson.
1980. Dose-response of guinea pigs experimentally infected with
aerosols of Legionella pneumophila. J. Infect. Dis. 141:186-192.

6. Bopp, C. A., J. W. Sumner, G. K. Morris, and J. G. Wells. 1981.
Isolation of Legionella spp. from environmental water samples
by low-pH treatment and use of a selective medium. J. Clin.
Microbiol. 13:714-719.

7. Cherry, W. B., B. Pittman, P. P. Harris, G. A. Hebert, B. M.
Thomason, L. R. Thacker, and R. E. Weaver. 1978. Detection of
Legionnaires disease bacteria by direct immunofluorescent
staining. J. Clin. Microbiol. 8:329-338.

8. Cordes, L. G., A. M. Wiesenthal, G. W. Gorman, J. P. Phair,
H. M. Sommers, A. Brown, V. L. Yu, M. H. Magnussen, R. D.
Meyer, S. S. Wolf, K. N. Shands, and D. W. Fraser. 1981.
Isolation of Legionella pneumophila from hospital shower
heads. Ann. Intern. Med. 94:195-197.

9. Dondero, T. J., R. C. Rendtorff, G. F. Mallison, R. M. Weeks,
J. S. Levy, E. W. Wong, and W. Schaffner. 1980. An outbreak of
Legionnaires disease associated with a contaminated air-condi-
tioning cooling tower. N. Engl. J. Med. 302:365-370.

10. Edelstein, P. H. 1981. Improved semiselective medium for
isolation of Legionella pneumophila from contaminated clinical
and environmental specimens. J. Clin. Microbiol. 14:298-303.

11. Hanrahan, J. P., D. L. Morse, V. B. Scharf, J. G. Debbie, G. P.
Schmid, R. M. McKinney, and M. Shayegani. 1984. Community
hospital legionellosis outbreak linked to hot-water showers, p.
224-225. In C. Thornsberry, A. Balows, J. C. Feeley, and W.
Jakubowski (ed.), Legionella: proceedings of the second inter-
national symposium. American Society for Microbiology,
Washington, D.C.

12. Helms, C. M., M. Massanari, R. Zeitler, S. Streed, M. J. R.
Gilchrist, N. Hall, W. J. Hausler, J. Szwassink, W. Johnson, L.
Wintermeyer, and W. J. Hierholzer. 1983. Legionnaires disease
associated with a hospital water system: a cluster of 24 noso-
comial cases. Ann. Intern. Med. 99:172-178.

13. Kingston, D. 1971. Selective media in air sampling: a review. J.
Appl. Bacteriol. 34:221-232.

14. Meenhorst, P. L., A. L. Reingold, G. W. Gorman, J. C. Feeley,



VoL. 50, 1985

15.

16.

17.

18.

19.

20.

B. J. van Cronenburg, C. L. M. Meyer, and R. van Furth. 1983.
Legionella pneumonia in guinea pigs exposed to aerosols of
concentrated potable water from a hospital with nosocomial
Legionnaires disease. J. Infect. Dis. 147:129-131.

Meyer, R. D. 1983. Legionella infections: a review of five years
of research. Rev. Infect. Dis. 5:258-278.

Para, M. F., and J. F. Plouffe. 1983. Production of monoclonal
antibodies to Legionella pneumophila serogroups 1 and 6. J.
Clin. Microbiol. 18:895-900.

Plouffe, J. F., M. F. Para, W. E. Maher, and B. Hackman. 1983.
Subtypes of Legionella pneumophila serogroup 1 associated
with different attack rates. Lancet ii:649-650.

Saravolatz, L. D., D. Pohlod, K. Helzer, B. Wentworth, and N.
Levin. 1984. Legionella infections in renal transplant recipients,
p. 231-233. In C. Thornsberry, A. Balows, J. C. Feeley, and W.
Jakubowski (ed.), Legionella: proceedings of the second inter-
national symposium. American Society for Microbiology,
Washington, D.C.

Shands, K. N., J. L. Ho, R. D. Meyer, G. W. Gorman, P. H.
Edelstein, G. F. Mallison, S. M. Finegold, and D. W. Fraser.
1985. Potable water as a source of Legionnaires disease. J. Am.
Med. Assoc. 253:1412-1416.

Stout, J., V. L. Yu, R. M. Vickers, J. Zuravleff, M. Best, A.

23.

24.

L. PNEUMOPHILA IN AEROSOLS 1131

Brown, R. B. Yee, and R. Wadowsky. 1982. Ubiquitousness of
Legionella pneumophila in the water supply of a hospital with
endemic Legionnaires disease. N. Engl. J. Med. 306: 466—468.

. Thaker, S. B., J. V. Bennett, T. F. Tsai, D. W. Fraser, J. E.

McDade, C. C. Sheperd, K. H. Williams, Jr., W. H. Stuart,
H. B. Dull, and T. C. Eickhoff. 1978. An outbreak in 1965 of
severe respiratory illness caused by the Legionnaires disease
bacterium. J. Infect. Dis. 138:512-519.

. Tobin, J. O., J. Beare, M. D. Dunnill, S. Fisher-Hoch, M.

French, R. G. Mitchell, P. J. Morris, and M. F. Muers. 1980.
Legionnaires disease in a transplant unit: isolation of the caus-
ative agent from shower baths. Lancet ii:118-121.

Voss, L., K. S. Button, M. S. Rheins, and O. H. Tuovinen. 1984.
Sampling methodology for enumeration of Legionella spp. in
water distribution systems, p. 292-296. In C. Thornsberry, A.
Balows, J. C. Feeley, and W. Jakubowski (ed.), Legionella:
proceedings of the second international symposium. American
Society for Microbiology, Washington, D.C.

Zuravleff, J. J., V. L. Yu, J. W. Shonnard, J. D. Rihs, and M.
Best. 1983. Legionnella pneumophila contamination of a hospi-
tal humidifier: demonstration of aerosol transmission and sub-
sequent subclinical infection in exposed guinea pigs. Am. Rev.
Respir. Dis. 128:657-661.



